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Remarks 



The applicant thanks the. examiner for the telephonic interview of November 15, 
2004. This paper supplements "Response B" mailed September 19. 2003. As 
requested, all pending claims (145-220) are reproduced in the attachment, underlined. 

As discussed, the attachment includes new additional claims 214 - 220. The 
base claim 214 is modeled on original reissue claim 1. See RE 37,826. It has been 
rewritten in apparatus form, except that the "second means" has been deleted and 
additional limitations added directed to other aspects of the invention, particularly the 
multiple digital adaptive equalizers. The base claim 214 also incorporates an apparatus 
limitation corresponding to the ""fifth . . . automatic gain control" means of original RE 
37,826 dependent claim 2. 
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Attachment - Pending Reissue Claims Underlined 
1 4fi ^Amended) An apparatus that is adap ted to be couoled to at least one pair 
of twisted wires that carrv a plurality of analog le vels definino information signajs 

comprising: I 

an analQQ to digital converter arranged to con vert the plurality of ianaloq levels to 

I 

corresponding digital information signals at a particular rate; 

a timing recoyerv circuit arranged to regulat e the particular rate at which said 

analog to dinital converter converts the plurality of analog levels to th^ correspondigg 

I 

digital information signals: and | 

a digital adaptive equalizer arranged to ide ntify one of the dibital information 
signals with a level corresnondino most closely t o one of the plurality Of analog levels 
definino information signals. 

146. The apparatus of claim 145. furthe r f^nmorlaina an automatic gain control 

circuit coupled to said analog to digital converter. 

147. The apparatus of claim 14fi. furthe r nomprisina a decoder Circuit coupled tfi 

said digital adaptive egualizer. 

148. The apparatus of claim 147 further com o risinQ a media access controller 

coupled to said decoder circuit. 

149. The apparatus of claim 145. wherein said d ig i t al ada ptive equalizer 
includes a feed forward equalizer, a data slicer and a decision feedback equalizer. 

150. (Amended) The apparatus nf claim 145 , wherein said timing recovery 
circuit regulates thft particular ratP in accordance with a product Of a plurailtv of Signal 
samples. 
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1R1 ^Amended) The apparatus of claim 14 5 wherein the at least one pair of 
twisted wires carry the multi-level signal at a transmission rate of at least 25 
meaasvmbols per second. 

163. ^Amended^ A method for recovering a plurali ty of analog levels defining 
information signals transmitted on at le ast one pair of twisted wires comprising. 

conyertina the Plurality of analog le vels defining information signals to 
corresponding digital information signals at a particular rate; 

regulating the particular rate of conv ersion: and 

identifying one of the digital infomriation signals with a level corresponding most 
closely to one of the plurality of analog levels de fining infonnation signal^- 



164. (Amended^ The method of claim 163. wherein the ijarticu jqr rate is 



regulated in accordance with a produc t of a plurality of signal samples, 

166. (Amended^ The method of claim 1 63. and fur ther comprising decoding the 

identified digital information signal. 

ifi7 rNaw^ An apparatus that is adapted to be coupled t o at i^^^t one pair of 
twisted wires that carry a plurality of analog le vels defining Information signals. 
comprising: 

a clock arranged to generate clock signals hav ing a phases 

an analog to digital converter arranged to c o nvert the plurality of analog levels tQ 
corresponding information diaital siop al^ in response to the clock signals; 

a timing recovery circuit arranged to shift the p hase of the clock signals so that 
the time at which the analog to digital converter samples the ana log levels is adjusted; 
and 
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a dinital adaptive equalizer arranged to receive the digital ipfnrmation signals and 
to identify one of the digital Infom^ation signals with a level corresnondlnq most closely 
to one of the plurality of analog leve ls defining information signals. 

168. fNew> The apparatus of claim 167. further compr ising an automatic gain 
control circuit coupled to said analog to digita l converter. 

169. (New) The apparatus of claim 167. further co mprising a decoder circuit 
oounled to said digital adaptive equalizer. 

170. (New) The apparatus of claim 169 . further comprising a media acce§$ 
controller coupled to s aid decoder circuit. 

171 ■ flslew> The apparatus of claim 167. wherein sa id digital adaptive equalizer 
includes a feedfonward equalizer, a data slicer a nd a decision feedback equalizer. 



172. (New) The apparatus of claim 167. wh erein said timing 



recQverv circuit 



shifts the Phase of the clock signals in accordance w ith a product of a Plurality of signal 
samples. 

173. (New) The apparatus of claim 167. where in the twisted wires further carry 
analog timing signals, wherein the analog to digita l converter is arranged to convert the 
analog tlmlno signal to correspondin g timing digital signals in response tO t|ie clock 
signals, and wherein the timino recovery circuit is arranged to shift the phase of the 
clocl< signals In response to the timi ng digital signals. 

174. (New) The apparatus of clai m 173 wherein the timing repoy^ry circuit is 
arranged to shift the phase of the clock signals i n response to both the timing digital 
signals and the infomr^ation dig ital signals. 
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175 fNew^ The apparatus of claim 167. wherein the plurality of analog levels 
defining information sionals comprises more than tw o analog levels. 

176. (New) A method for recovering a plurality of analog levels defining 
information signals transmitted on at least one pair of twiste d wires comprising: 

generating clock signa ls having a phase: 

converting the plurality of analog levels to corre sponding digital infonnation 
signals in response to the clock signals; 

shifting the phase of the clock signals so that the time at which the converting 

occurs is adjusted: and 

identifying one of the digital information signals with a level corresponding most 
closely to one of the plurality of analog levels d efining information signals. 

177. (New^ The method of claim 176. whe rein said shifting comprises shifting 
the Phase of the clock sionals in accordance with a product of a plurality of signal 
samples. 

17ft (H&M\ The method of claim 176 and furth er comprising decoding the 
identified digital information signals. 

179. fNew> The method of claim 176. an d further comprising a method of 
recovering analog timing sionals wherein the conve rting also comprises converting the 
analog timing signals to corresponding timing digital sign als in response to the clock 
signals, and wherein the shiftino com prises shifting the phase of the clock signals in 
response to the timing digital signals. 
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180. (New) The method of claim 179 wherein the shifting comprises shifting the 
Phase of the clock signals in response to both the timing digi tal signals and the 
information digital signals. 

181. (New) The method of claim 176, wherein the plurality of analog levels 
defining information signals comprises more than two analog levels. 

1 82. (New) The apparatus of claim 145. wherein the twisted wires further carry 
analog timing signals, wherein the analog to digital converter is arranged to convert the 
anaioG riming signals to corresponding timing drqital signals in response to the clock 
signals, and wherein timing recovery circuit is arrange d t o regulate the rate of the clock 
signals in response to the timing digital signals. 

183. (New) The apparatus of claim 182 wherein the timing r ecoverv circuit is 
arranged to regulate the rate of the clock signals in response to both the t iming digital 
signals and the information digital signals. 

184. (New) The apparatus of claim 145 wherein the plura lity of analog levels 
defining information signals comprises more than two analog levels. 

185. (New) The method of claim 163. and further comprising a method of 
recovering analog timing signals wherein the converting also co mprises converting the 
analog timing signals to corresponding timing digitaLsignals at t he particular rate, and 
wherein the regulating comprises regulating the particular rate in response to the timing 
digital signals. 

186. (New) The method of claim 185 wherein the re gulating comprises 
regulating the particular rate in response to both the i^m'tng digital signals and the 
information digital signals. 
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187. (New^ The method of claim 163 wherein the plural ity of analog levels 
defining information signals compris es more than two analog levels. 

188. mew) An apparatus that is adapted to be couple d to at least one pair of 
twisted wires that carry a multi-level signal, comprising: 

an analog to digital converter for digitally converting the multi-level signal at a 

particular rate: 

a timing recovery circuit for reoulatina the pa rticular rate at which said analog to 
di gital converter converts the multi-level signal in accorda nce with a product of a 
plurality of peak signal samples: and. 

a digital adaptive equalizer for receiving the dioita ilY converted muiti-level signal 
and Identifying one of a plurality of levels. 

189. (New) An apparatus that is adapted to be coup led to at least one pair of 
twisted wires that carry a multi-level signal transmit ted at a transmission rate of at least 
25 megasvmbols per second, comprising: 

an analog to digital converter that is reapon sive to the multi-level signal 
transmitted at the transmission rate of at least 2 5 meoasvmbols per second: 

a clock recovery circuit coupled to said analog to digit al converter that regulates 
the particular rate in accordance with a product of a plurality of peak signal samples ; 
and. 

a digital adaptive equalizer coupled to said analog to digital converter. 

190. (New^ An apparatus that Is adapted to b e coupled to at least one pair of 
twisted wir^s that carry a multi-level signa l, comprising: 

an analog to digital converter operating at a particular rate: 
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u ninr.l< recovery circuit coupled to said analog to digital converter that regulates 
the particular mte in accordance with a pr o duct of a plurality of peak signal samples; 
and_, 

a digital adaptive eoualizer coupled to said analog to digital converter. 

191. (New> A method for recovering a multi-level signal transmitted on at legsi 
one pair of twisted wire s comprising: 

nftnvertina the multi-level signal to a digital signal at a particular r^t^i 
rpnulating the particular rate of conversion in accordance with a product of a 
plurality of peak signal samples: 

equalizing the di nital signal: and. 

irientifvina one of a plurality of levels based on the digital signal. 

1 92. (New) Apparatus adapted to be coup led to at least a twisted first wire pair 
enabling receipt of at least first, secon d and third dis^rate analog signal levels witb 
different amnlitudes representing Inf o rmation, a twisted Seconal wire pair enabling 
receipt of at ipast fourth, fifth and sixth discrete analog signal levels with different 
amplitudes representing infonnation and a twisted third wire pair enabling receipt of at 
least seventh, eighth and ninth discrete analog signal levels with different amplitudes 
representing information, the analog sign a l levels being received one discrete signal 
level at a time, the app aratus comprising: 

an analog to digital converter arranged to conve rt the first discrete analog signal 
level to a con-esponding digital first infonnation sign a l tn convert fh^ i?econd discrete 
analog signal lavel to a corresponding di g ital second information signal, to convert the 
third discrete analog signal level to a corresponding digital third information signal, to 
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convert the fourth analog signal level to a co rrespondinq digital fourth information signal, 
to convert the fifth discrete analog signal le v/el to a corresnnndinn digital fifth information 
si gnal to convert th^ sixth d\scT ^i^ analog sign?»l Ipv^I to a corresponding digital sixth 
information signal, to convert the se v f^nth discrete analog signal level to a 
corresponding digital seventh informaOon signa l to convert the eighth discrete gnalog 
si gnal level to a corresponding digital eio hth information signal and t9 convert the ninth 
discrete analog signal level to a corres ponding digital ninth information signal; and 

^ jr^uitrv arranged to individually identifv ea r^h of the first, second, third, fourth, 
fifth, sixth, seventh eighth and ninth disc rete analog signal levels, to shift in tini? the 
f irst information signal relative to the first dis c rete analog signal level, to shift in tin^^ th? 
second Information signal relative to the s econd discrete analog signal level. tP shift in 
time the third information signal relative t o the third discrete analog sicjnal i^y^l. to shift 
in time the fourth information signal relati v e to the fourth discrete analog signal levQ j . Xq 
shift in time the fifth information signal relative to the fifth discrete analog signal level Jo 
shift In time the sixth information signal re lative to the sixth discrete apaloq s'dnal leve j 
to shift in time the seventh information sig nal relative to the seventh discrete anajpg 
signal level. to shift in time the eiohth infor m ation signal relative tO the eighth discrete 
analog signal level and to shift in time the ni nth infomnatlon sinn?^l relative to thg pinth 
discrete analog signal level, 

1 /New^ The aooar ^fi iff rl'""^ "^^^ 'therein the analog to digital converter 
is arranged to convert the discrete a n alog signals levels to corresponding dig ital 
information sinnais at a particular rate an d wherein the circuitry comprise? a timing 
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recovery circuit arranged to regulate the particular rate at which said analog to digital 
converter converts the discrete analog signal levels. 

1 94. ^New) The apparatus of claim 1 93 wherein the circuitry com prises a digital 
adaptive eoualizer arranged to identify the discrete analog signal level b eing received 
on each of the wire pairs. 

195. (New) The apparatus of claim 194 and further comprising an automatic 
gain control circuit coupled to the analog to digital converter. 

1 96. (New) The apparatus of claim 194 and further comprising a decoder circuit 
cQUPted to the digital adaptive equalizer. 

197. (New) The apparatus of claim 196 and further comprising a media access 
controller coupled to said decoder circuit. 

198. (New) The apparatus of claim 194 wherein the digital adaptive egualizer 
includes a feedforward eoualizer. a data slicer and a decision feedback equalizer. 

199. (Newl The apparatus of claim 194 wherein said tim ing recovery circuit 
regulates the particular rate in accordance with a product of a plurality of signal 
samples. 

200. (New) The apparatus of claim 192 and further comprisi ng a clock arranged 
to generate clock signals having a phase and wherein th e analog to digital converter is 
arranged to convert the discrete analog signal levels to the corre sponding digital 
information digital signals in response to the clock signals and whe rein the circuitry is 
arranged to shift the phase of the clock signals so that the time at w hich the analog to 
digital converter samples the discrete analog signal levels is adjusted. 



14 



PAGE 16/22 ' RCVD AT llflS/2004 6:07:38 PM [Eastern Standard Time] ' SVR:USPT0-EFXIV-1/3 * ^ 



FROM McANDREViS, HELJ). k MALLOY 



(MON)n.15'04 17: 10/ST. 17: 04/NO. 4861050268 P 17 



201 ■ (New) The apparatus of claim 200 wherein the circurtrv shifts the phase of 
the clock signals In accordance with a product of a plurality of signal samples. 

202. (New) The apparatus of claim 200 where each of t he wire pairs also 
enables receipt of tlmino discrete analog signal levels, w herein the analog to digital 
converter is arranged to convert the timing discrete analog sign al levels to 
corresponding timing digital signals in response to the clock s ignals, and wherein the 
circuitry is arranged to shift the phase of the clock signals in re sponse to the timing 
digital signals. 

203. (New) The apparatus of claim 202 wherein the circuitry is anranoed to shift 
the Phase of the clock signals in response to both the t iming digital signals and the 
iriformation digital signals. 

204. (New) In apparatus adapted to be coupled to at least a twisted first wire 
pair enabling receipt of at least first, second and third discrete analo g signal levels with 
different amplitudes representing information, a twisted second wire pair enabling 
receipt of at least fourth, fifth and sixth discrete analo g signal levels with different 
amplitudes representing Information and a twisted third w ire pair enabling receipt of at 
least seventh, eighth and ninth discrete analog s ignal levels with different amplitudes 
representing information, the analog signal levels being received one discrete signal 
level at a time, a method of processing the received discre te analog signal levels 
comprising: 

converting the first discrete analog signal level to a corres ponding digital first 
information signal: 
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converting the second discrete analog signal level to a corresponding digital 
second information signal: 

nnnvertinq the third discrete analog signal level to a c orresponding digital third 

infomiation signal; 

ronvertina the fourth discrete analog signal level to a co rresponding digital fourth 
information signal; 

inverting the fifth discrete analog signal level to a co rresponding digital fifth 
information signal: 

f^onvertino the sixth discrete analog sional level to a corresponding digital sixth 
information signal: 

cohverting the seventh discrete a nalof^ signal level to a corresponding digital 

seventh information signal: 

converting the eighth discrete analog signal level to a corresponding digital 

ei ghth info rmation sional: 

nonvertino the ninth discrete analog signal level to a c onresponding digital ninth 

information sional: 

individuallv identifying each of the first, second, third , fourth, fifth, sixth, seventh. 
eighth and ninth discrete analog signal levels.; 

shifting in time the first information signal relative to the first discrete analog 

signal level: 

stiiftino in time the second information sional relative to the second discrete 
analog signal level: 
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shifting in time the third information signal relative to the third discrete analog 
signal level: 

shifting in time the fourth information signal relative to the fourth discrete analog 
si gnal level: 

shifting in time the fifth infomnation signal relative to the fifth discrete analog 
signal level; 

shifting in time the sixth infonnation signal relative to the sixth discrete analog 
signal level: 

shifting in time the seventh information signal relative to the seventh discrete 
analog signal level: 

shifting in time the eighth infomnation signal relative to the eighth discrete analog 
signal level; gpd 

shifting in time the ninth information signal relative to the ninth discrete analog 
signal level. 

205. (New> The method of claim 204 wherein each of the converting steps 
comprises converting one of the discrete analog signals levels to a correspond ing one 
of the information signals at a particular rate and further compr ising regulating the 
particMl^r r^te. 

206. fNew) The method of claim 205 wherein said re gulating comorises 
regulating the particular rate in accordance with a product of a plura l ity of signal 
samples. 

207. (New) The method of claim 204 and further comprising controlling the gain 
of the each of the received discrete analog signal levels. 
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208. (New> The method of claim 204 and further comprising decoding each of 
the digital infornnation signals, 

209. (New) The method of claim 204 and further comprising controlling media 
access. 

210. (New) The method of claim 204 and further comprising generating clock 
signals having a phase and wherein each of the converting steps compris es converting 
one of the discrete analog signal levels to one of the corresponding digital information 
signals in response to the clock signals and wherein each of th e shifting steps 
comprises shifting the phase of the clock signals so that the time at which the 
converting occurs is adiusted. 

21 1 ■ (New) The method of claim 210 wherein the shifting comprises shifting the 
phase of the clock signals In accordance with a product of a plurality of signal samples. 

212. (New) The method of claim 210 wherein each of the w ire pairs enables 
receipt of timing discrete analog signal levels, wherein the convert ing further comprises 
converting the timing discrete analog signal levels to corresponding timi ng digital signals 
in response to the clock signals, and wherein the shifting further co mprises shifting the 
Phase of the clock signals in response to the timing digital signals. 

213. (New) The method of claim 212 wherein the shiftin g comprises shifting the 
phase of the dock signals in response to both the timing digital signals a nd the digital 
information signals. 

214. fNew) A communication system for decoding signals having three or more 
analoQ signal levels to represent information transmitted bv a fir st computer over a 
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Plurality of pairs of twisted wires to a second co m puter, said communication system 
including a transceiver comprising: 

;^ pluralit y of receivers and transmitters operative lv coupled to respective ones of 
said Plurality of said pairs of twisted wires, wherein each of said plurality of receivers 

comprises: 

an analog to digital converter: 

an automatic gain control circuit: and 

^ digital adaptive equalizer, said equalizer further co mprising a feed fonward 
equalizer, a decision feedback equ alizer and a data slicer: 

wherein each of said analog to dicital converters sam pling said analoo signal at a 
sampling rate, each of said automatic gain contro l nirnuits receiving said analog signal 
from one of said pairs of twisted wires and pro v iding gain control at the input to a 
respective one of said analog to digital converte rs, and each of said equalizere 
producing recovered digital data from sai d sampled analog signal provided at the input 

of said equalizer, and 

wherein said transceiver also includes a plurality Of transmitters that 
simultaneously transmit three or more an alog signal levels to said first computer over 
sai0 plurality of pairs of twisted wires. 

215. risiew) The svstem of claim 214. wh erein said transceiver combines said 
recovered data from each of said digital adaptive egu alizers into a single recovered 
digital data stream. 

216. mew) The svstem of claim 21 s wherein sa id single recovered data stream 
is Ethernet data, 
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217. (New) The system of claim 214. wherein said communication system is an 
Ethernet system. 

218. (New) The system of claim 214. wherein the digital data is Ethernet data 
with a data rate of at least 100 Mbps. 

219. (New) The system of claim 214. wherein each of said equalizer includes 
an adder that sums the output of respective ones of said decision feedback equalizers 
and said feed fonA/ard equalizers. 

220. (New) The system of claim 219. wherein the digital data is Ethernet data. 
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